Abnormal computed tomography coronary angiography (CTCA) often leads to stress testing to determine haemodynamic significance of stenosis. We hypothesized that instead, this could be achieved by fusion imaging of the coronary anatomy with 3D echocardiography (3DE)-derived resting myocardial deformation.
Introduction
Abnormal or equivocal computed tomography coronary angiography (CTCA) tests in patients with acute chest pain frequently trigger downstream testing, in order to determine the haemodynamic significance of coronary stenosis. 1 -5 This is because CTCA tends to overestimate the severity of stenosis and because the presence and extent of myocardial ischaemia is more important than the severity of stenosis for identifying patients who would benefit from coronary revascularization. 6, 7 Development of a tool that would facilitate combined evaluation of coronary anatomy, i.e. presence and severity of stenosis, and its haemodynamic significance, namely, extent of ischaemia, would be of clinical benefit as it would help optimize therapeutic strategy in individual patients with stenosis of unclear significance. Several studies have demonstrated that analysis of echocardiographic images using speckle-tracking techniques allows fast measurements of myocardial strain, a quantitative index of myocardial function. 8 These techniques, initially applied to 2D images, were recently shown to provide even more accurate information when applied to 3D images. 9 Importantly, the ability of left ventricular (LV) longitudinal strain to detect subtle myocardial ischaemia in the absence of visible wall motion abnormalities and without stress testing is of significant interest. 10 -13 Although this idea has been previously explored in patients with stable coronary artery disease (CAD), 9 it is a particularly promising approach in the setting of acute chest pain, because in the setting of coronary disease, the ischaemic cascade dictates that at least a subtle wall motion abnormality would precede chest pain and potentially persist after the chest pain resolves.
One of the most recent developments in cardiac imaging is 'fusion' of different modalities, 14 -18 which involves spatial registration and rendering of different aspects of cardiac anatomy and physiology in a single combined display. Fusion imaging eliminates the need to reconcile individual findings obtained using different imaging modalities and lends itself to improved ease and confidence of diagnosis with complementary findings that render a more comprehensive assessment of the extent and severity of disease. We hypothesized that 3D echocardiographic (3DE) measurements of resting myocardial strain and its fusion with CTCA assessment of coronary stenosis could accurately identify patients with acute chest pain due to haemodynamically significant coronary obstruction without the need for additional provocative stress testing including additional radiation exposure. To test this hypothesis, we developed fusion software that creates combined 3D displays of the coronary arteries with colour maps of resting myocardial longitudinal strain, as a way to achieve spatial co-registration between coronary stenosis and its functional consequences, namely, changes in strain. This feasibility study was designed to examine the relationship between resting strain abnormalities visualized using these combined 3D displays and the significance of coronary stenosis seen on CTCA and confirmed by vasodilator stress CT perfusion data.
Methods Population
We prospectively studied 28 consecutive patients (age: 55 + 8 years; 10 males; 11 with hypertension; 5 with diabetes mellitus; 11 with dyslipidemia; 10 with history of tobacco use) with no history of previous myocardial infarction, who presented to the emergency department with acute chest pain, were referred for CTCA to be evaluated for CAD and agreed to undergo vasodilator stress CT and transthoracic 3DE imaging within 1 h of the CTCA, as part of the emergency department visit. These were patients with low to intermediate probability of significant CAD, while those with higher likelihood of disease, such as elevated cardiac troponin and ECG changes indicating myocardial ischaemia, were excluded from the study and referred for diagnostic coronary angiography and coronary interventions as necessary. Patients with contraindications to CTCA, including known allergies to iodine, renal dysfunction (creatinine .1.6 mg/dL), inability to perform a 10 s breathhold, and contraindications to b-blockers or vasodilators, such as chronic obstructive pulmonary disease, advanced heart block, and systolic blood pressure ,90 mmHg, were excluded. The study was approved by the Institutional Review Board, and each patient signed an informed consent prior to participation.
CT imaging
Patients received the b-blocker metoprolol orally (50 -100 mg, 1 h prior to imaging) and/or intravenously (5 -15 mg immediately prior to imaging), as necessary to achieve a target heart rate of ,65 bpm. Sublingual nitroglycerin (0.4 -0.8 mg) was also administered, provided that systolic blood pressure was .100 mmHg. Images were acquired during suspended respiration (256-channel Philips iCT scanner). After resting imaging was performed, according to a standard clinical CTCA protocol, regadenoson (Astellas), was administered (0.4 mg, i.v.) at least 15 min later to ensure contrast clearance. An additional set of images was acquired 1 min after regadenoson to ensure imaging during peak effect.
Stress imaging was performed using retrospective gating at end systole with dose modulation to minimize radiation exposure. 19 Imaging parameters included gantry rotation time 270 ms, slice thickness 0.625 mm, tube currents 600 -1000 mA and voltage 100 -120 kV (depending on body weight). Patients received a bolus of iodinated contrast agent (approximately 65 mL, 5 mL/s), which was injected into the right antecubital vein and followed by a 20 mL saline bolus. Image acquisition was triggered by the appearance of contrast in the descending thoracic aorta, 5 s after attenuation increased .50 Hounsfeld units.
Extraction of the coronary arteries from resting CT images
Resting CTCA images were exported in the DICOM format into Matlab to obtain the coronary tree geometry using custom software. First, the images were filtered using a 3D non-linear median filter, and then the Frangi vesselness filter 20 was used to enhance the presence of vessellike structures in the 3D data set. Briefly, the Frangi vesselness V filter is a multiscale filter that uses the eigenvalues l i of the Hessian matrix to compute the likelihood of an image region to contain vessels, based on a weighted functional of three different measures (deviation from blob-like structure R B , difference between plate-like and line-like structures R A and background noise S). For a given scale s, the value V for the voxel x is given by:
2 ), otherwise Parameters a, b, and c were set to be 0.5, 0.5, and 300, respectively. 21 The scale range s was set to three voxels. The enhanced data set was then used to extract the coronary artery tree in a two-step recursive algorithm with manual user interaction: (i) the centerline of the portion of the vessel included between two manually identified points was extracted as the shortest path resulting from the Dijkstra's algorithm using (1-voxel value) as edge cost; 21 and (ii) a region growing algorithm was applied using the points belonging to the centerline as starting seeds. Coronary visualization has not been optimized to depict stenosis, but only to show the location and individual anatomy of the coronary arteries and their branches and provide a clear picture of their territories. The extracted coronary tree was used for image fusion with 3DE-derived strain data to determine the presence of a strain abnormality in the territory of each coronary artery and separately with stress CT perfusion data to determine the presence of a perfusion defect in the territory of each artery ( Figure 1 ).
3DE imaging and analysis
Transthoracic 3DE data sets were acquired at rest in the harmonic mode from a modified A4C view using the iE33 ultrasound imaging system (Philips) equipped with a matrix array transducer (X5). Full-volume acquisition was performed using ECG gating over four consecutive cardiac cycles during a single breath-hold. No medication was given to control heart rate. Special care was taken to include the entire LV cavity within the pyramidal scan volume, and gain settings were optimized for endocardial visualization. 3DE data sets were first analyzed using commercial software (4D LV-Analysis, TomTec) designed to track ultrasound speckles in the myocardium in 3D space and measure regional myocardial strain. Tracking was optimized by visual inspection of dynamic image sequences in different cross-sectional planes with and without the tracked endocardial borders. The software provides dynamic 3D connected meshes (862 vertices, 1720 triangular elements) of the LV endocardium and the value of the three strain components for each vertex over time. The 3D meshes were then exported into Matlab (Mathworks), where custom software was used to create colour-coded maps of longitudinal strain superimposed on the dynamic 3D endocardial surface, depicting gradual phase-by-phase changes in strain throughout the cardiac cycle. These strain-coded surfaces were then used for fusion with CTCA-derived coronary arteries.
Stress CT perfusion analysis
CT images obtained during vasodilator stress were analyzed using custom software for volumetric analysis and visual display of myocardial perfusion, as described previously. 19, 22, 23 Briefly, following manual initialization of endo-and epicardial boundaries in four to five slices, the endo-and epicardial 3D surfaces were automatically estimated using the level-set technique. 24 The 3D region of interest confined between the endocardial and epicardial surfaces was identified as LV myocardium. Coronary arteries and contrast-filled intertrabecular spaces were excluded from the myocardium and papillary muscles and trabeculae were excluded from the LV cavity by setting thresholds on the histograms of X-ray attenuation to discard voxels represented by a separate peak/tail outside normal distribution of the myocardium and the blood pool, respectively. 19, 22, 23 To allow visualization of stress perfusion defects (SPDs), subendocardial attenuation was calculated across the inner 50% of the myocardial thickness and normalized by adjacent LV cavity attenuation for each node in the mesh. After having these calculations completed for the entire myocardium, all values were expressed in % of the maximum value, and a median filter was used to smooth the display. 
Image fusion
Finally, the registration between the coronary tree and the 3DE data set, from which the LV surface was derived, was performed using a landmark-based registration minimizing the least square distance between three pairs of landmarks specified by the user (aortic root, midpoint of the mitral valve, and LV apex). The transformation matrix was calculated between the coronary tree and a mid-diastolic LV endocardial surface and then applied to all surfaces throughout the cardiac cycle, resulting in a dynamic combined 3D display of coronary anatomy and ventricular function (Supplementary data online, Video 1). This display, with longitudinal strain colour-encoded onto the endocardial surface, was viewed from different angles at end systole when strain is its peak value, in order to determine the presence of a strain abnormality in the territory of each artery. In addition, the above perfusion-related information was also mapped onto 3DE-derived endocardial surface and fused with the coronary arteries, resulting in a combined 3D display of the coronary anatomy and myocardial perfusion. This display was viewed from different angles to determine the presence of a perfusion defect in the territory of each artery (Supplementary data online, Video 2).
Combined anatomy/perfusion reference for significant coronary stenosis CTCA interpretation of coronary anatomy, performed on the resting images by an experienced reader, included the determination of presence, location, and extent of stenosis in percent of luminal narrowing. Coronary arteries were then divided into three categories, according to CT findings: (i) ,50% luminal narrowing and no clear perfusion defect, (ii) .50 luminal narrowing and a visible perfusion defect, and (iii) either a perfusion defect without stenosis .50% or stenosis .50% without a perfusion defect. Arteries in category 1 were considered normal, and those in category 2 were considered to have haemodynamically significant stenosis, whereas those in category 3 were considered inconclusive and were not used for comparisons with 3DE-derived strain.
Longitudinal strain for detection of significant stenosis Abnormalities in peak longitudinal strain noted in territories of coronary arteries with and without haemodynamically significant stenosis (categories 1 and 2) were counted, and the counts were compared between these two categories in order to determine whether the presence of strain abnormalities was associated with significant stenosis. In addition, longitudinal strain abnormalities seen in territories of coronary arteries with haemodynamically inconclusive stenosis were also counted to estimate the prevalence of such abnormalities that could not be explained by haemodynamically significant stenosis.
Quantitative segmental analysis
We also tested the feasibility of quantitative segmental analysis of longitudinal strain aimed at more objective detection of strain abnormalities, than visual inspection of 3D strain maps, as a basis for identification of haemodynamically significant stenosis. To achieve this goal, the ventricle was divided into 18 wedge-shaped 3D myocardial segments (6 basal, 6 mid-ventricular, and 6 apical) by using three planes rotated around the LV long axis at 608 steps, starting at the junction of the right ventricular free wall and the anterior side of the inter-ventricular septum, as seen at the mid-ventricular level. To allow comparisons between segmental longitudinal strain and the combined reference of stenosis and perfusion, the following steps were made. First, strain was averaged for each segment, resulting in 18 segmental strain values. Second, by superimposing the segmentation on the combined 3D displays (Figure 2) , each myocardial segment was assigned to a territory of one coronary artery. The specific location of stenosis, when detected on CTCA, was used to determine which myocardial segments were distal to and thus would be affected by stenosis. This information was then combined with the presence of a SPD in each segment, in order to create a reference, against which the corresponding segmental strain value was then compared.
Statistical analysis
Significance of the differences in the prevalence of resting longitudinal strain abnormalities in territories of coronary arteries with and without Figure 2 3D segmentation model used for quantitative segmental analysis of myocardial strain. The ventricle was divided into three sections (base, mid-ventricle, and apex), by slicing it perpendicular to its long axis. Each section was then divided into six segments using standard segmentation scheme routinely applied to short-axis views (see text for details), resulting in 18 wedge-shaped 3D myocardial segments. haemodynamically significant stenosis (categories 1 and 2) was tested using x 2 statistics.
Results
Figures 3 through 5 depict how the composite display of coronary arteries and parametric images of subendocardial perfusion at peak vasodilator stress and resting myocardial strain allowed visual appreciation of the haemodynamic significance of the coronary stenosis, when present. Figure 3 shows an example of combined 3D displays obtained in a patient with no significant stenosis. These displays depict fairly uniform perfusion (top row) and strain (bottom row) maps. In contrast, in a patient with coronary stenosis (Figure 4) , SPDs are evident in the territories of the corresponding arteries (top row) and are associated with resting strain abnormalities in the same areas of the myocardium (bottom row). Figure 5 shows an example of a patient who had no significant stenosis and no visible SPDs, but whose strain map showed resting strain abnormalities in the territories of two arteries, which probably represents a falsepositive finding.
One patient was excluded because of suboptimal quality of CT images, which were not suitable for 3D perfusion analysis due to inadequate contrast enhancement. In the remaining 27 patients (81 coronary territories), CTCA showed 56 normal arteries, stenosis ,50% in 17 arteries, and .50% in 8 arteries. SPDs were noted in 20 territories, and resting strain abnormalities in 29, while no clear echocardiographic evidence of wall motion abnormalities was noted in any of the patients. Overall, resting strain and perfusion data were concordant (both normal or both abnormal) in 64 (79%) of the 81 arteries.
Of the arteries in category 1, i.e. no stenosis .50% and no SPDs (N ¼ 59), considered as normal, 12 (20%) had resting strain abnormalities. In contrast, of the arteries in category 2, i.e. stenosis .50% and SPDs, i.e. haemodynamically significant (N ¼ 6), a considerably higher percentage showed resting strain abnormalities (5 or 83%). This difference was statistically significant as reflected by a x 2 value of 4.73 (P , 0.03). Finally, of the arteries in category 3, i.e. haemodynamically inconclusive (N ¼ 16), the prevalence of resting strain abnormalities was also high (12 or 75%). However, in 11 of these 12 arteries, resting strain abnormalities were associated with SPDs. Quantitative comparisons of segmental longitudinal strain with the combined anatomy/perfusion reference resulted in considerably lower levels of agreement than the above qualitative assessment of strain maps. Visual inspection of the combined 3D displays of perfusion and strain with the superimposed segmentation schemes revealed that the 18-segment model often did not respect the individual coronary anatomy, as reflected by splitting perfusion defects and strain abnormalities between several segments (Figures 6 and 7) . As a result, quantification of segmental strain abnormalities was effectively 'diluted' by the presence of normal strain in other parts of the same segment (Figure 6 ), yielding average strain values that were not significantly different between segments, irrespective of the presence of haemodynamically significant disease. Similarly, averaging perfusion data to obtain segmental perfusion values resulted in averaging out perfusion defects because of normal perfusion in other parts of the same segment ( Figure 7) .
Discussion
Fusion of different cardiac imaging modalities has been explored over the past decade, resulting in images that combined different types of information in a single display. 14 -17,25 -29 One situation in which we felt that fusion could be potentially clinically useful was the evaluation of the haemodynamic or functional significance of coronary stenosis in patients with chest pain. The use of CTCA to rule out CAD in this patient population in the emergency department setting has been steadily increasing. 30 On the other hand, intermediate-grade stenosis or inconclusive CTCA exams due to suboptimal image quality can lead to stress testing aimed at elucidating the haemodynamic significance of CAD. 1 -5 A common pathway in this scenario is vasodilator stress myocardial perfusion imaging (MPI), which is costly, requires additional radiation exposure, and considerably prolongs the time to diagnosis and discharge from the emergency department. A SPD was noted in the infero-septal view depicted by the blue area in the RCA territory (top right) and was accompanied by a resting strain abnormality depicted by the red-orange-yellow area in the same territory (bottom right). Strain abnormality was noted in the LAD territory (bottom, left), whereas perfusion data were inconclusive (top left). Echocardiography is a relatively inexpensive, radiation-free and portable imaging modality that is routinely utilized to quickly assess LV function. Over the last decade, a large number of studies have focused on the use of 2D echocardiographic imaging of myocardial deformation using speckle-tracking techniques, including strain measurements. This parameter has been shown to be a sensitive alternative to conventional echocardiographic measures, which turn out to be not sensitive enough in a variety of situations. A widely known scenario where strain has proved to be useful is the detection of cardiotoxic effects of chemotherapy. 31 This is because LV ejection fraction was not sensitive enough to detect subtle changes in myocardial function, probably due to its load dependency and measurement variability. Myocardial strain measurements offer advantages in circumventing both these limitations. There is evidence in the literature that strain may also aid in the early detection of subtle changes in myocardial function caused by subacute ischaemia, when wall motion abnormality cannot be visually detected. 10,12,32 -34 This ability stems from the fact that longitudinal strain mostly reflects contractile function of the subendocardial fibres, which are predominantly affected by ischaemia. 8 Accordingly, abnormal longitudinal strain could theoretically be used as an early marker of ischaemia before other myocardial layers become ischaemic and wall motion abnormalities become obvious. Our current study was designed to further explore the potential usefulness of echocardiographic evaluation of resting myocardial strain in the context of ischaemia in patients with chest pain, when evaluation of the haemodynamic significance of coronary stenosis is clinically important. As recent technological developments expanded to 3D deformation imaging, allowing even more accurate measurements of the different components of myocardial strain by eliminating the problem of out-of-plane motion, we hypothesized that 3D fusion imaging of CTCA-derived coronary arteries and 3DE-derived resting myocardial strain could potentially provide an alternative means to identify significant stenoses in patients with chest pain. This is because image fusion depicts the course of the coronary artery and its territory in a single display, leaving little room for doubt about the relationship between a functional abnormality and the culprit lesion, when present.
The goal of this study was initial feasibility testing of this approach. We used abnormal perfusion during vasodilator stress in the territory of a coronary artery where stenosis was noted on CTCA, as a combined reference for haemodynamically significant stenosis. CT perfusion imaging has been gaining increasing recognition as an alternative to nuclear MPI, 35 -49 and stress CT perfusion imaging can be easily performed in patients undergoing clinically indicated CTCA with minimal additional radiation. 19, 50 For the reasons, it was, in our view, a good reference technique in the context of this initial feasibility study. Of course, one might ask why echocardiographic strain is necessary if CT perfusion can be used to assess the haemodynamic significance of coronary stenosis in the same setting where stenosis is detected. The answer to this question is in that the stress component of the test has risks and its additional costs are not insignificant. One might also suggest that the recently developed CT-based assessment of fractional flow reserve based on mathematical modelling of simulated hyperemia 51 could also be a reasonable alternative.
However, this latter technique requires computationally intense and not widely available image processing, which is performed by a dedicated core laboratory and is thus incapable of providing a quick answer in the emergency department setting. For these reasons, we believe that resting myocardial strain by 3DE is an inexpensive and universally available alternative that is worthwhile exploring. The results of this study indicate that fusion of CTCA and 3DE-derived strain is feasible and appears to provide physiologically meaningful and easy-to-interpret combined displays of coronary stenosis and its functional impact without the need for mental Figure 7 Effects of segmentation on quantiative analysis of myocardial strain. In this patient (the same as in Figure 4 ), resting strain abnormality was noted in the LAD territory (left, orange-yellow area). However, when segmentation was applied (right), this strain abnormality was evenly split between four segments: two mid-ventricular and two apical (anterior and anteroseptal), which also contained portions of myocardium with normal strain (blue areas).
reconstruction of the coronary territory of the relevant artery and the need to match the location of a strain abnormality with this territory. In this pilot study, this approach revealed reasonable likelihood of an association between abnormalities in resting longitudinal strain and stress perfusion in areas of the myocardium supplied by coronary arteries with epicardial stenosis resulting in .50% luminal narrowing. This association was evidenced by the seven-fold difference in the prevalence of strain abnormalities in the territories of stenosed arteries where perfusion defects were present, compared with normally perfused myocardium supplied by arteries with no stenosis or non-obstructive lesions. Interestingly, the vast majority of strain abnormalities in the territories of arteries with haemodynamically inconclusive stenosis were also associated with perfusion defects, suggesting that intermediate-grade stenosis may be more important than traditionally thought.
It is important to consider that strain is derived by tracking ultrasound speckles in the myocardium throughout the cardiac cycle. Although doing so in the 3D spaces eliminates the problem of out-of-plane motion, the ability to accurately track these speckles largely depends on image quality, which is not always optimal, and is well known to be affected by body habitus and other factors. Although every effort was made in this study to verify correct tracking, at times this can be difficult to achieve when image quality is limited. Because patients in this study were enrolled independently of the quality of their echocardiographic images, we can reasonably assume that suboptimal tracking is probably one of the reasons for false-positive strain abnormalities in the absence of haemodynamically significant stenosis.
An interesting and potentially important observation in this study is that segmental quantitative analysis based on averaging parameters, such as longitudinal strain, that may show significant spatial variability. Under such conditions, segmental analysis may adversely affect the ability to detect abnormalities, because averaging measurements from multiple points within a segment that represents a large portion of the myocardium may not be ideal. This is because perfusion territories not only vary widely among subjects, but also closely follow the course of the individual coronary arteries, unlike the standard segmentation. This finding raises the question whether coarse segmentation schemes based on a small number of segments (e.g. 17 or 18) are adequate for use with high-resolution images with thousands of points, such as those used in this study. As paradoxical as this may sound, visual assessment of the results of the complex quantitative analysis involved in this methodology seems to be better suited for clinical use, as colour-encoded displays that contain highly refined information are probably advantageous over a scheme that shows a few segments of anatomically inaccurate shape with numbers/colours.
Limitations
One limitation of our approach is that strain abnormalities were defined qualitatively by visual assessment of the colour-coded strain maps. Our attempts to define them quantitatively in terms of absolute strain value as well as percent reduction in segmental strain resulted in missing many of the visible abnormalities because of the large size and the location of the segments relative to those of the defects. As stated above, this finding led us to believe that qualitative visual assessment of the high-resolution strain-encoded parametric images, such as those shown in Figures 3 -5 , would be best to detect strain abnormalities in this pilot study. It is possible and even likely, however, that more objective ways to characterize these abnormalities will emerge in future studies.
A limitation of this study is the relatively small number of patients. However, this small sample was sufficient to test the feasibility of fusion of CTCA and 3DE-derived parametric images of myocardial strain and to show statistically significant differences in the prevalence of resting strain abnormalities where there is an underlying physiological cause. Another limitation of this study is the use of CTCA as a reference standard for the presence and severity of coronary stenosis, rather than invasive coronary angiography, and stress CT perfusion, rather than nuclear MPI, for haemodynamic significance of stenosis. However, the advantage of this study design is that it allowed us to prospectively test our hypothesis in nonselected patients with chest pain referred for CTCA, rather than a selected group of patients undergoing CTCA, invasive angiography, and nuclear MPI, which would be extremely difficult to achieve.
Also, one may question our use of CT perfusion imaging, which is not yet routinely used in clinical practice for a variety of reasons, including the possibility of what one might consider as false-positive perfusion defects that are evident in some patients with stenosis ,50%. However, the accuracy of CT perfusion is beside the scope of this study. To ensure that our study is not affected by this factor, coronary arteries with either a perfusion defect without stenosis .50% or stenosis .50% without a perfusion defect were categorized as inconclusive and were not used for comparisons with 3DE-derived strain. We used CT SPDs, when present, as a confirmatory finding to support the haemodynamic significance of CT angiographic evidence of stenosis, because it is known that intermediate-grade stenosis may or may not have haemodynamic effects.
Furthermore, one might question our choice of .50% stenosis as a cut-off for significant disease, because the degree of coronary narrowing is a poor predictor of its functional severity, and suggest testing lower percent stenosis cut-offs, such as 30%, instead. While this lenient definition of significant disease would inevitably reduce the incidence of 'false-positive' strain abnormalities, it would be quite 'unorthodox' and might have biased our study design, because most studies in the literature have traditionally used even higher thresholds, e.g. 70% stenosis, for significant CAD.
Conclusions
Fusion of CTCA and 3DE-derived data allows direct visualization of each coronary artery and myocardial strain in its territory. The results of this feasibility study indicate that resting longitudinal strain may be potentially useful for the assessment of the haemodynamic impact of coronary stenosis, when present. The use of resting 3DE-derived strain in patients with coronary stenosis of unclear haemodynamic significance may prove in the future as a radiation-free alternative to vasodilator stress perfusion imaging. The potential advantages of this approach include reduced risks to patients, simplicity, and cost savings. Furthermore, we believe that because stenosis does not equate with ischaemia, fusion of the different types of images that depict physiologically distinct aspects of CAD presents a unique opportunity for more comprehensive assessment.
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